INTRODUCTION
All known elementary vector particles, the photon, Z , W , and gluons, are gauge particles. An opinion exists that there are no other vector particles besides gauge ones. They have only chirality-conserved vector interactions with matter fields. The so-called anomalous term, which appears from radiative corrections [1] , is small and is not present in the initial Lagrangian. It describes chirality-flipped interactions with the tensor current.
Although gluons are gauge particles, they induce chirality violation, and, therefore, in hadron physics, the anomalous interactions of the vector mesons are not so small. They should be taken into account, for example, to extract the | V ub | element of the CKM matrix from the semileptonic decay B ρ l ν . Even more peculiar is the existence of the vector b 1 (1235) meson with only anomalous interactions with quarks. It is not possible at all to describe this meson as a gauge particle.
This type of particle originates from a tensor formalism. It is known that free relativistic particles with spin 1 can be described by the four-vector A µ or by the secondrank antisymmetric tensor field T µν . These two different descriptions are applied to the vector mesons without noting the main difference between them [2]. However, the different formalisms are related to the different couplings of the vector mesons to the quarks and, therefore, to the different chiral properties. The vector fields are transformed under real (chirally neutral) representation (1/2, 1/2) of the Lorentz group. On the other hand, T µν ± combinations are transformed under irreducible chiral representations (1, 0) and (0, 1). They describe chiral vector fields.
The aim of this letter is to put on the same footing (at least at a phenomenological level) the consideration ¶ This article was submitted by the author in English.
iT µν of the gauge particles and the particles with only anomalous interactions. The successful description of the dynamical properties of the hadron systems hints that the same phenomenon also takes place in high-energy physics. Then, we may expect the discovery of anomalously interacting particles at future colliders.
The Nambu-Jona-Lasinio (NJL) [3] quark model is a successful tool for investigating hadron physics and the spontaneous chiral-symmetry-breaking mechanism. However, an extension of the model is needed [4] in order to introduce the new type anomalous interactions and the particles associated with them.
To simplify the idea, we will deal only with the oneflavor NJL model. The generalization for the real case with N flavors is straightforward and will be considered elsewhere. As long as the isospin triplet I = 1 consists of up and down quarks with approximately the same constituent masses, we can apply this one-flavor model to the vector mesons ρ , b 1 , a 1 , and ρ '. Using this approach, we will get, for example, very a simple prediction for the ratio / f ρ Ӎ 1/ , which matches the latest lattice calculations [5] very well.
THE MODEL
Following the classical paper [3], we start with the chiral invariant Lagrangian Let us rewrite Lagrangian (1) by introducing auxiliary bosonic fields (without kinetic terms), which will later play the role of collective meson states after quantization (2) where g a ( a = σ , π , V , A , R , B ) are dimensionless coupling constants. At the classical level, Lagrangians (1) and (2) are equivalent. However, the perturbation quantum field theory cannot be applied in the former case due to the dimensional constants G . Therefore, the second form of the Lagrangian with dimensionless coupling constants g a is more appropriate for quantization by perturbative methods [6] .
QUANTUM CORRECTIONS AND SYMMETRY BREAKING
It is interesting to note that, in spite of the absence of kinetic terms for the meson fields in initial Lagrangian (2), they are generated at the quantization stage due to radiative corrections (Fig. 1a) . Such kinetic term generation reflects into relations of the coupling constants g a . In a one-loop approximation, they are
where N c is the number of colors and ε is the dimensional regularization parameter. The quark loops lead also to various self-interactions and interactions among the mesons. For example, due to generation of quartic self-interaction σ 4 of the scalar meson (Fig. 1b) , a spontaneous breaking of the chiral symmetry occurs, which leads to generation of nonzero quark mass m = -〈σ〉/g σ , to additional mass contributions for the mesons (Fig. 2a) , and to mixings between them (Fig. 2b) . The chiral symmetry breaking for the scalar sector has been studied in detail. The introduction of the new vector mesons R µ and B µ brings nothing new there. On the other hand, the symmetry breaking leads to an interesting phenomenon in the vector-mesons sector. In the following, we focus just on the vector mesons.
We have introduced four vector mesons, V µ , A µ , R µ , and B µ . Their quantum numbers (the total angular momentum J, P parity, and the charge conjugation C) can be defined from their interactions with quarks (2):
The vector mesons V µ and A µ have gaugelike minimal interactions with quarks, while R µ and B µ have only anomalous tensor interactions. Nevertheless, in the chiral limit, all these mesons couple to conserved quark currents. Therefore, their kinetic terms are gaugeinvariant: 
